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INTRODUCTION ' 

With  'i'he  hlgner  opera'^icg  i  emper  atures  that  will  be  encountered 
in  future  air'.raft.  the  requir e-T'enns  for  strength  and  oxidation, 
reaistarce  at  e,-.evated  terperaf.ues  will  eliminate  the  use  of  the 
silver --base  brarlr.g  ali-'vs  in  sandwich  panel  construction. 

Pa;l':  research  the  brazabi  1  i r.y  of  alloys  for  high- temperature 
use  was  -..ndur ted  under  two  separate  Corporate  Funded  projects  in 
195’’? >-  A?  a  result  of  '^hi.s  w'rk,.  Rene*  Al  was  selected  for  con¬ 
sider  an  1"’'  ir.  aopl  i  ,.a"  ic’'.s  tc  1000  F  a^'.d  A-"286  in  aoplications  tc 
.  A"  1  ?■„ 

'This  program  was  ccnducted  tc  de’;ermine  the  effect  of  brazing 
cycles  e-.  the  mechar  ical  properties  of  the  two  alloys  just  men- 
■^Inred  ar' d  develop  strucarally  sound  brazed  6"  x  h"  honeycomb 
sandwich  panels  of  each, 

S  rFiMAR-' 

The  receipt  of  honeycomb  core  nrateriai  of  A--286  and  Rene'  4l 
occasic-ed  checking  of  previously  obtained  brazing  results,  using 
^he  foil  gage  materials.  This  work  revealed  that  all  the  high 
cerr.perature  brazing  alloys  previcusly  studied  ero'ded  and  en- 
trifOied  the  honeyccrr.b  cere  during  the  brazing  eperatier,  Ex~ 
perime’-.ts  to  ever  come  these  difficulties  have  resulted  in  the 
su.  ressful  brazing  of  6"  x  6"  panels  in  A-286,.  No  brazing  alloy 
has  bee'"  four.id  ttiat  is  fully  satisfactory  for  brazing  honeycomb 
sandwich  panels  of  Rene'  ^i-l.  The  results  of  high  temperature 
nxldatlon  and  creep  tests  indicate  that  P.er.e'’  41  will  require 
some  form  of  surfactr  nrotectior  when  used  in  thin  sheet  form  at 
1600  F,- 

The  results  of  the’  iescs  conducted  or  honeycomb  sandwich  panels 
of  A-286  brazed  with  an  alloy  of  65.2^  Cu,  21.7?o  Mr,  8.7;^  Co, 
and  4„38^  Ni.  indicate  that  this  co-mbination  merits  further  in¬ 
vestigation.  This  is  a  comm.ercial  composite  referred  to  as 
■'.oast  1700  plus  10%  Co  and  5^  Ni. 
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BRAZING  -  HIGH  TEMPERATURE  AIRCRAFT 
STRUCTURAL  MATERIAL  -  DETERMINE  METHODS  FOR 


OBJECT: 

The  objects  of  this  test  were:  l)  To  determine  the  brazing  alloy- 
most  compatible  for  use  with  A-286  and  Rene '  4-1  and  the  brazing 
characteristics,  2)  to  braze  6"  x  6"  honeycomb  sandwich  panels, 
and  3)  to  determine  the  effect  of  the  brazing  cycle  on  the 
mechanical  properties  of  the  alloys  A-286  and  Rene'  4l. 

DESCRIPTION  OF  SPECIMENS: 

Two  base  metal  alloys  were  selected  on  the  basis  of  their  high 
temperature  mechanical  properties  for  use  in  this  investigation. 
They  were  A-286,  proposed  for  use  to  1200  F,  and  Rene'  4l,  pro¬ 
posed  for  use  to  I6OO  F.  Chemical  analyses  of  the  core  material 
of  these  alloys  as  supplied  by  the  fabricator  are  given  in  Table 
I.  These  are  probably  representative  of  the  sheet  material. 

Samples  of  A-286  were  received  in  sheets  .010"  and  .05I"  thick 
and  as  typehl5  honeycomb  core,  .500"  thick.  Rene'  4l  was  re¬ 
ceived  in  sheets  .010",  .020",  .032",  and  .065"  thick  and  as 
honeycomb  core  in  the  same  size  as  the  A-286  core.  All  the 
material  was  received  in  the  mill  annealed  condition,  referred  to 
as  condition  "A". 

Specimens  for  tensile,  stress-rupture,  and  creep  tests  of  the  base 
metals  were  machined  as  sho-wn  in  Figure  1.  Brazed  shear  specimens 
were  made  as  sho-vm  in  Figure  2  and  wet  ground  to  the  configuration 
sho-wn  in  Figure  3- 

The  high  temperature  brazing  alloys  used  in  this  investigation 
are  listed  in  Table  II.  Due  to  the  powdered  form  of  nearly  all 
the  brazing  alloys,  only  single  skin  sandwich  specimens  were  made. 
Small  sandwich  specimens,  approximately  3A"  x  3/^";  were  brazed 
using  honeycomb  core  and  one  .010"  thick  skin  for  all  the  brazing, 
salt  spray  corrosion,  and  oxidation  tests. 

Edge  and  face  compression  specimens  were  made  from  brazed  6"  x  6" 
honeycomb  sand-wich  panels  as  sho-wn  in  Figures  and  5*  These 
panels  were  brazed  with  an  alloy  in  foil  form.-**- 


-^See  Supplemental  Sheet  S-1 
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Part  A  -  Brazing  &  Testing  of  Small  Panels 

Small  brazing  specimens  ,  3/^"  x  3/^">  were  prepared  by  wiring  a 
piece  of  honeycomb  core  to  a  square  of  .010"  thick  skin  material. 

A  measured  quantity  of  the  powdered  braze  alloys  was  placed  on 
the  skin  and  retained  in  place  with  water  or  a  dilute  solution  of 
borax  during  assembly.  Thereafter,  care  was  exercised  to  prevent 
loss  of  the  braze  alloy.  This  was  not  necessary  with  the  three 
braze  alloys  obtained  as  foil,  viz..  Coast  I7OO  (75  Cu-25  Mn) , 
Coast  1700  +  10^  Ni,  and  Coast  I7OO  +  10^  Co  +  5^  Ni. 

Brazing  of  the  small  specimens  was  performed  in  a  2"  diameter 
stainless  steel  tube  inserted  into  a  Marshall  furnace.  The  end  of 
the  tube  which  was  subjected  to  heat  was  closed.  The  other  end 
was  fitted  with  a  flanged,  gasketed  closure  clamped  in  place,  per¬ 
mitting  vacuum  purging.  The  temperature  in  the  retort  was  con¬ 
trolled  by  a  thermocouple  attached  to  one  of  the  specimens.  The 
cold  tube  was  alternately  purged  with  vacuum  and  argon  gas  at 
-100  F  dry  bulb,  for  a  minimum  of  five  cycles.  Brazing  was  per 
formed  in  the  argon  atmosphere  at  atmospheric  pressure. 

Honeycomb  sandwich  panels,  6"  x  6"  size,  were  placed  two  high  in 
a  flat  stainless  steel  retort.  A  521  stainless  steel  plate  .125" 
thick  was  placed  under  the  bottom  panel  to  assure  flatness  of  the 
^anels.  A  small  amount  of  dry  cobalt  trifluoride,  CoF,,  approxi¬ 
mately  1/2  gram  per  retort,  was  placed  imder  the  plate,  away  from 
the  sandwich  specimens,  to  provide  gaseous  fluoride  flux  as  an 
aid  in  brazing.  The  temperature  within  the  retort  was  controlled 
by  a  thermocouple  placed  between  the  panels.  The  retorts  were 
alternately  purged  with  vacuum  and  argon  gas,  at  -100  F  dry  bulb, 
while  cold  for  a  minimum  of  ten  cycles.  Brazing  was  performed  in 
mercury,  absolute  pressure. 

Oxidation  tests  were  conducted  by  exposing  small  open-face  honey¬ 
comb  sandwich  specimens  in  a  electric  furnace  for  a  minimum  of 
100  hours.  The  same  type  of  specimens  were  used  to  determine  the 
corrosion  resistance  on  exposure  of  25O  hours  to  salt  spray. 

Fart  B  -  Brazed  Shear  Tests: 

Specimens  for  shear  strength  determinations  were  prepared  with  a 
gap  of  .0015"  for  brazing.  The  specimens  were  brazed  and  aged  in 
a  closed  stainless  steel  retort.  The  specimens  were  subsequently 
wet  ground  to  the  configuration  shown  in-  Figure  3  for  test. 

Short-time  shear  tests  were  performed  by  loading  the  brazed  area 
at  an  approximate  rate  of  696O  psi  per  minute. 

*See  Supplemental  Sheet  S-1. 
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Part  C  "  Mechanical  Property  Determinations  of  Base  Metals; 

Tensile  specimens  were  heat  treated  in  a  closed  stainless  steel 
retort  in  an  electrically  heated  furnace.  The  specimens  were 
separated  by  stainless  steel  wires  ,032"  diameter,  to  promote 
uniform  heating  and  cooling.  The  temperature  was  controlled  by 
attaching  a  thermocouple  to  one  specimen  in  each  retort.  The 
retorts  were  alternately  purged  with  vacuum  and  argon  gas,  at 
“100  F  dry  bulb,  for  a  minimum  of  five  cycles.  Solution  treating 
and  aging  were  performed  in  the  argon  atmosphere  at  atmospheric 
pressure.  Tensile  specimens  were  tested  in  a  5000  lb.  Baldwin 
universal  testing  machine,*  A  Marshall  furnace  was  used  in  the 
elevated  temperature  tests. 

Ihe  specimens  for  stress  rupture  testing  were  heat  treated  and 
aged  with  the  tensile  specimens.  A  small  number  of  tne  specimens 
were  tested  on  Riehle  creep  machines,  using  a  Marshall  furnace. 

RESULTS ; 

Considerable  difficulty  was  encountered  in  machining  specimens  of 
Rene'  4l,  due  to  the  work  hardening  characteristics  of  the  alloy. 
Table  ITT  gives  the  hardness  values  of  the  Rene'  4l  and  A-286 
alloys  as  received  in  the  annealed  condition  and  as  heat  treated. 
Table  III  also  gives  the  hardness  values  obtained  by  exposing  to 
various  brazing  temperatures  and  aging  at  1400  F  and  the  mechanical 
property  values  of  the  ribbon  from  which  the  honeycomb  core  was 
manufactured.  The  latter  values  were  supplied  by  the  honeycomb 
core  manufacturer.  Table  IV  gives  the  room  temperature  tensile 
properties  of  the  Rene'  4-1  and  A-286  alloys  after  heat  treatment. 
Table  V  gives  results  of  shear  tests  of  brazed  Joints  in  these 
alloys , 

Specimens  of  Rene'  4l  for  tensile  testing  exposed  for  100  hours  at 
l400  F  and  at  l600  F  were  badly  oxidized  with  both  black  and  green 
oxides.  Limited  stress  rupture  testing  of  .035"  thick  Rene'  4l 
specimens  at  l600  F  gave  the  following  results; 

25.4  hours  to  failure  at  15  ksi  load 
68.4,  42. 9j  and  34.6  hours  to  failure  at  12.5  ksi  load 
161,1  hours  to  failure  at  10  ksi  load 
50.9  hours  to  failure  at  7.5  ksi  load 

Variations  in  the  stress  rupture  life  at  this  temperature  are 
attributed  to  the  excessive  oxidation  of  the  specimens  during  the 
test.  A-286  tensile  specimens  exposed  for  100  hours  at  1200  P 
showed  only  superficial  oxidation  and  are  yet  to  be  tested. 


♦Strain  rate  was  approximately  .003  in, /in.  -'min.  thru  yield 
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Table  11  lists  the  commercial  high  temperature  brazing  alloys  used 
in  This  ir vest igat ion „  Tables  VI  and  VTI  list  the  approximate 
ccmfosltions  of  a  series  cf  powdered  brazing  alloys  which  wei'e 
specially  formulated  in  this  work„  These  were  used  in  efforts  to 
determine  the  source  of  the  eroding  and  embrittling  action  of  the 
corri.mer  cial  brazing  alloys  on  the  thin  honeycomb  cere  mater  ials„ 

The  results  are  included  in  Tables  VI  and  VII. 

The  results  of  shear  and  brazed  panel  tests  conducted  on  A“286 
brazed  with  Coast  I7OO  +■  10^  Co  5^  Ni  are  given  in  Table  VIII. 

Figure  6  shows  a  typical  condition  encountered  in  the  erosion  of 
the  honeycomb  core  materials  at  the  nodes  and  Intermittently  along 
the  fillets  when  brazed  with  the  corruTier  c  lal  alloys.  Figures  7 
through  lb  are  photomicrographs  of  brazed  Joints  showing  alloy 
structures  and  honeycomb  core  ends  attacked  by  the  high  temperature 
br-azing  alloys. 

Figure  15  shows  txhe  fillet  and  node  flow  cf  an  A-286  panel  brazed 
with  Coast  I7OO  10^^  Co  5^  Ni<  Figure  I6  shows  a  typical  fillet 

from  the  panel.  Figure  17  shows  a  fillet  after  250-hour  salt 

spray  exposure,  t igure  lo  shows  a  fillet  after  120-hour  exposure 

in  air  at  1200  F, 

CISC CSS ION 

A-286  is  an  iron-base  precipitation  hardening  alloy  containing 
2,1^  Ti,  Ihe  hardening  phase  is  thought  to  be  the  compound 
111311.  Rene'  bl  is  a  nickel-base  precipitation  hardening  alloy 
containing  approximately  3%  Ti  and  1<,5^  Al<.  The  hardening  phase 
is  thought  to  be  Ni3  (Ti.Al).  Ihe  presence  of  aluminum  and  ti¬ 
tanium  in  increasing  amount  has  been  found  to  increase  the  problems 
of  brazing.  Both  alleys  are  difficult  to  braze  without  the  use  of 
a  f lux  o 

Tensile  tests  cf  the  two  base  metals  showed  the  materials  responded 
favorably  to  heat  treatment  as  compared  with  published  data.  The 
hardness  values  for  Rene*  bi  were  somewhat  low  due  to  deliberately 
slow  ceding  from  the  solution  temperature  to  simulate  production 
cooling  of  structures  from  the  brazing  temperatures.  However,  the 
hardness  value  for  A-286  was  normal.  Oxidation  of  Rene*  4l  ten¬ 
sile  specimens  for  100  hours  at  1400  and  I6OO  F  showed  that  the 
alloy  in  sheet  form  oxidized  badly  at  both  t em.pe nature s .  Limited 
stress  rupture  testing  at  I6OO  F  yielded  the  same  result  with  a 
low  stress  rupture  life.  Some  oxidation  of  the  A-286  specimens 
exposed  for  100  hours  at  1200  F  was  apparent.  No  stress  rupture 
tests  were  performed  on  A-286  at  1200  P„ 

Brazed  shear  strength  values  for  comimer-clal  alloys  Joining  Rene  *41 
and  A“286  are  given  in  Table  V.  The  brazed  Joints  were  extremely 
hard  and  brittle. 
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Upon  receipt  of  Rene*  and  A  -286  honeycomb  core  material,  pre¬ 
liminary  work  consis'^'ed  of  checking  previously  obtained  results  on 
the  0OOI5"  thick  materials,.  Single  -face  brazed  satidwiches  were 
made  using  Nicrobraz.,  Solabraz  1X1,  Coast  50,  52,  53>  lcE„  alloys 
38100  and  J8205.,  and  a  n i eke  1 -base  alloy  containing  2k%  palladium.. 
Specimens  were  brazed  with  and  without  flux,  It  was  found  that 
poor  brazes  resurted  when  borax  flux  was  not  usedo  In  both  cases, 
however,  the  brazing  alloys  dissolved  the  thin  core  material 
selectively  at  the  nodes  where  the  larger  amounts  of  brazing  alloy 
cor  centra* ed,  as  is  shewn  in  Figure  6,  and  rendered  the  material 
quite  brif-ie.  Figures  7..  8  9j  ard  10  snow  brazes  made  with 
sene  of  the  brazi'^g  all  ys  o"  Figure  11  shows  Rene'  41 

brazed  wl'i.n  Solabraz  I'/.l  This  was  the  most  satisfactory  appearing 
brazen. er'  cf  the  gr^upi 

Some  brazing  a  1  leys  with  very  low  carbon  content  were  received 
from  ''oast  Metals,  Ire  These  were  52LC,  50  Sp,Co„,  132E, 

Co  Ti  3ti..  ana  ^o  T1  2B,  These  also  attacked  the  core  excessively 
or  ga'"^  peer  i.razes,  Figures  6.  12,  I3,  and  14  show  the  results o 

Experimer.rs  in  ■'•ixir.g  t  razing  alloys  for  determ'in irg  the  effects 
cf  various  cor  .f. -Ituen" s  were  the  following. 

1,  ■''atying  the  palladium  conte»^t  of  Nl-Si-Cr  alloy  as 
indicated  i’'  Table  VI  , 

2  FfTplc  ying  f/ir  ,  ^  u ,  and  Co  in  a  Ul-Si-B  alloy,  as 

Indicated  in  lacle  VII,  to  softer,  the  braze  alloy  ard 
lesser  the  attack  or,  the  core,. 

Ir  this  wr.rh,  berax  was  used  as  a  flux« 

The  experiments  indicated  that  there  was  no  advantage  in  using 
palladium  ir  "'he  high  temperature  brazing  alloys  of  the  Ml-Si-lr 
type  It  did  no"'  preve'r't  the  harder- ii-g  effect  of  borono  In 
small  amou'-ts,  it  did  not  improve  corrosion  resistance,  and  in 
large  amounts,.  It  contributed  to  dissolution  of  the  core^  The 
experiments  based  or  adding  Mn,  Cu,  and  Co  to  Nl-Si-B  alloys  were 
unsuccessful.  The  tests  did  Indicate  that  a  narrow  melting  range 
brazing  alloy,  or  one  low  In  E  and  Si  will  be  necessary  if  the 
core  erosion  problem  being  encountered  is  to  be  overcome. 

The  brazed  specimens  listed  in  Table  VII  were  oxidized  in  air  for 
100  hou.^s.  Tne  exposure  temperatures  were  1200  F  for  A-286  and 
1600  F  for  Rene*  41.  The  specimens  of  A-286  were  in  poor  con¬ 
dition,  and  the  Rene'  41  specimens  were  converted  almost  to  ox:lde 
powders.  Suspecting  the  dilute  borax  solution  used  as  a  flux, 
base  metal  specimens  of  A-286  and  Rene*  4l  honeycomb  core  and 
.010''  thick  sheet  were  dipped  in  dilute  borax  solution  and  allowed 
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c'.r  V  Tne  speci"-ers  were  p.aceP  1'.  t'^r-a'er.  a.O'gside  clean 
spec  1 T  er' s  f  sa-e  ^a'eria.s  a"  ci  xinlsed  f'^-r  170  hours  at  tern- 

re.' a"  u; -s  as  aoove„  The  he-.e  spec  Ir'*- s-  wit-,  P'rax  oxidized 

t;  p  :wde-'  w.hije  "'■'.e  ■:  .ea'  specis'^'-s  ped  c"!':  surface  oxides  „ 

The  P  ■  I  speclr.ers  wi**-,  tcrax  we/e  'core  -xldized  ■"tar  the  clear. 

c  r".  1  r"'  s 

jpeci'-e-s  wece  recrazeo  without  ter  ax  .  u';  i .  g,  '.cast  aiioys 

c-i  cp  ■  ■  Tt  jTp  a' d  i  pT-F. .  crazes  were  p:or  quaiityr 

ar.d  ''iIp'-,  cardoesR  values  ^ *  r.e  rr  azeup-’' t  persisted. 

o"  '  p  !  .ir-'c  quarter.  '  vas*  1“'T0  a^rcvs  '■  C"  r  a  i  ”  i "  g  \0%  Ml  and 
.'f'u  .  ■  '  1  'wei^  re-.elvt-d  wi*’'.  t  ".e  •- a' v- :  a' '  cr  er  '  s  assurar.ces  of 

r  ■  r  r  -  i  .  .  r  p  s  i  s  ‘  a'  ■  e  'j  e  * '  *  he  '  i  -  ^  e  .  ^  ir.-  -  ?r  e  1  i  i ''  ar  y 

rrar'.  t  estaclisved  toa'  '  he  :  tr  ^  ;  s  i '  r  r  e  i  s  '  a'' was  gc  cd  ,  ai- 
'  tP' eeri  cc'-’pourds  w^re  i'r'red  ^  he  s.-rfa'e  of  '  e  rase 

'^•e^ais  "re  ;0'"  Ic-  o'-  I  a-.c,  alss  .'.''aj  -  ne  :  .  re  tr  a  lesser 
extAT,  *  auri^g  t.  raz'h.'  ’.ha'"  'he  ai.tv  '  cm  ai  -  1"  g  -0'^-  !■'!  .  The 
rc':'"’::  '■■in.:  'perefcre  SA.et'pd  '.r  pa’'e.  rrazirg  'es's. 


T.hree  t "  x  h"  oa’ e  ■  s 

were 

■  *  H '  w ; ' *  he 

."ast  it 'TO  ^ 

.TT  '.  0  V  'h-  ,  1'  traz  i 

■g  a.l'v  a-.-d 

O' e  f  Fe'r'  w'ltn  the  sarr.e 

t.razl’.r  a:l.r.  .  Tne 

T'.-eA  sa.'e.s 

:f  ;>  2b"  apreareo 

gthO,  although 

1 is  heiieved  '■.ha' 

'he  qi-a.l'’.  ■ 

f  'he  '■.raze  id 

be  IrT.prcved  by 

th>=  .rse  ;■*’  "  re  crazl-g  a  i  :  t  v  p'ssirly  reS'.l*:i’'g  ih  heavier 
fi  !  a' i  ^  ces.  The  r'.'azi''.d:  ail 07  was  1'  ‘he  forrr'  of  foil 
.  TT  .  - "  'hlM  Af’-er  pi>>ilr.g.  ‘  ce  thi'ti'-es  was  reduced  to 

appi  ."TT."  "he  Tet'^  ■'* .  pa'-e;  was  w-eak  due  "o  cornpiete 

laci-  'f  ■'  dA.  .  cw  a' d  :  '  e;"' i' 'e- '  f  .•■rr^-a' i  u'  “f  fillets. 

.■^'h'.r'  •  i’^e  shea.'  tt.s*s  t  f  T  .9''  crazed  wi' o  T.'as'  T’ !■'■)  4-  .10^'  To  e 
t'T  i'  I  gave  avA.’'a,g';  va...«e5  of  f  ,  C2'.,T-  ps  1  a'  '  en.per  atur  e  , 

29'':CT'  ps  i  a'  1  TT  1  F.  ar  d  psi  a'  .TTT  F  Three  edge  ccr,- 

oresal.'  a’ a  two  *‘a:'e  '  •'Tpr  ess  it  ^  s  pe :  i'^.e’' 3  lit  .tn  the  A“''56  panels 
failed  i  ■'  toe  'ore  vJhe'  testA-d  at  r -•-■rr  *  erpera' c<re .  The  values 
giver  :■  Tah^e  Vlli,  aithtugh  corsiderab.y  less  than  specified  for 
'  F  H  hr  area  ’'..'.'■eyco'^  b  sardwi-ch  panels,  are  abojt  as  would  be 
expet  ■'ed  f  r  Mils  alTiy. 

-A  Tt'"  has  a  rco"  temperature  te-'slie  yieid  strergth  of  about  9^  ksl 
as  c-'TparAd  wTlrp  ,l6h  Ksi  f '^r  M-TpH  steel.  The  Toast  I700  e  10%  Co 
4'  -Jo  ;  i  alT.y  did  'tt  nardeh  t^^e  '‘cre  or  form  hard  brittle  Inter- 
'^■eta.iiit  'tO'T.pcur.ds  wi”'']’'  'he  jcir  '  , 

■'.  .  N'  T  ’  i  1  :  .T  f 

Brazed  h-cneyconb  sardwich  panelis.  6"  x  6"  size...  cf  A-286  have 
beer  su'-.cessfuliy  made,  usi'g  '''oast  T.n'rj  \c\%  cobalt  4=  Jfo  nickel 
hrazlrg  atloyc.  The  brazed  panels  nave  gcrd  resistance  to  salt 
spray  corrcsloo  and  1200  F  oxidat icr, „  piir  rose opic  examination 
revealed  only  slight  cure  dtsscluticr  when  a  ter. -rn Invite  brazing 
cycle  was  erriplcyed,. 
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A:L  tne  nigh  temperature  orazing  ai  ioys  ..ised  ir,  this  Investigation^ 
with  tne  exception  of  the  copper -trar  garese  base  a-ilcys^  dissolved 
ana  err-brittled  core  ma';erlais  ir  A'’286  and  Pere'  This 

char  an  ter  !  E  t  It  is  wndes  it  at- le  In  hr-'eyrmt  sar.dwlch  c  onstructior  o 

No  practica..  rr-ea*' s  has  Peer  fcu-d  frr  app.iying  p.twdered  braze 
alt;  vs  tt'  s'^eet  rriaterials  to  permit  honeycnmt  sa.ndwlth  ccrstructlon, 
Tne  ..arb  .’'  'C-  *  en!  c:  orgaric  blroers  has  adverse  effects  both  on 

brazi''.g  a"d  the  prcperti'^s  'A'  the  ,i  o  w  carb'n  base  netals.  The 
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ved  A-rSc  ki'i^ay  Sheet”.  MR  58-'l,, 


,  V  -'fa-t,.  ''rrazi-g  Al-tys.  High  lerper  ature  Operating;, 

T  e  ve  .  ..  f”  ''T-E  93  S'.  February  I"..  19?9'  tonvalr^-PW. 

A  Tulr*'»i,  "Short  Tl^e  Elevated  le'T.perature  Mechanical 
Pi  .per  lies  .‘'f  r--'?3h  T  •9'^9'.  P'^^ne’  A  i.  and  bnitemp  212  High 
Ten  P-' ra'  jre  /i.T-uys"-  rP  lo8'23'’.-  ■' onvair-SPn 

A.  r.  .ape.  "Tr-e  'vicret  Prazing  Alleys”.,  paper  presented  at 
M.;,:  brazing  se-Tirar  Ncvem.ber  lc,.  T99?.  Maywood^  California. 

FedusKa.  "high  Te^’perat^re  Brazing  A,llcy  Base  Metal  Wetting 
Reactiors”.  The  Welding  Tcurral..  March.  i999<. 
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TABLE  I 


CHEMICAL  ANALYSES*  OP 

CORE  MATERIAL  USED  IN  THE 

INVESTIGATION 

ELEMENT 

RENE*  41 

A-286 

Nickel 

54.9 

25.04 

Iron 

.48 

53.64 

Chromium 

19.11 

15.04 

Molybdenum 

9.73 

1.07 

Cobalt 

10.99 

Carbon 

.11 

.041 

Mangane  se 

.02 

1.19 

Altunlnimi 

1.47 

CO 

eH 

• 

Titanium 

3.04 

2.12 

Silicon 

.14 

.76 

Boron 

.006 

.0016 

Vanadium 

* 

.30 

Phosphorus 

.025 

Sulphur 

.011 

ftlPOKT  NO. 


MObUiUCgA 
DATL... _ _ 


■HB-SI 


*  As  supplied  by  the  fabricator 
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TABLE  III 


BASE  METAL  HARDNESS  VALUES 


BASE 

METAL 

THICKNESS  (IN.)  CONDITION 

HARDNESS 

Rene ' 

41 

.012 

Annealed 

Rc  20  (Prom  R^) 

.012 

H.  T. 

Ro  37.2  '* 

.020 

Annealed 

Ro  22  (Prom  Rd) 

.020 

H.  T. 

Rc  35.6  ’• 

.035 

Annealed 

Ro  37.8 

.035 

H.  T. 

Ro  41.7 

A-286 

.051 

Annealed 

Hb  78.5 

.051 

H.  T. 

Ro  33.8 

HONEYCOMB  CORE  MATERIAL  PROPERTIES 

MANUFACTURER'S 

DATA 

BASE 

METAL 

CONDITION 

Fty,  KSI 

Ftu,KSI 

^  ELON.  HARDNESS 

Rene'  41 

Annealed 

109. 

156.4 

14  15T93(Rb97^) 

Aged 

183.4 

202.1 

2  15N82(Ro43) 

A-286 

Annealed 

51.7 

82. 

13  15T85.5(RbTT) 

Aged 

107. 

126.8 

6  15N74(Re28) 

ik 


-  Cont'd 
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Tabid  III  -  Cont'd. 


HARONESS  AFTER  BRAZOfO  FOR 


MmtlTES  &  AOlNa  AT  1400  F  FOR  SIXTEEN  HOURS 


BASE 

METAL 

THICKNESS 

INCH 

BRAZINO 
TEMF,  ®F 

MARIMSaS 

Re 

Rene.^  41 

.066 

19R5 

41.8 

A-286 

.051 

18T5 

86.1 

.051 

1950 

86.4 

.051 

2180 

83.8 
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SUPPLEMENTAL  INFORMATION 


Testing  of  small  sandwich  panel  test  specimens  was  accomplished 
In  a  60,000  pound  Baldwin  universal  testing  machine.  The  procedure 
for  each  type  specimen  Is  listed  below: 

1.  Edge  Compression  Test 

a.  The  test  machine  loading  head  and  platen  are 
checked  for  parallelism  and  necessary  adjustments 
made  by  shimming  to  Insure  parallelism. 

b.  Test  specimens  are  placed  In  the  machine  with  the 
3.00"  edges  normal  to  the  bearing  surfaces, 

c.  Testing  Is  accomplished  by  applying  a  continuous 
load  to  the  2.00*  edge  at  a  rate  of  8,000  pounds 
per  minute  \intil  failure. 

2.  Plat  Compression  Test 

a.  The  test  machine  is  again  checked  and  adjusted  for 
parallelism  as  specified  above. 

b.  Test  specimens  are  placed  In  the  test  machine  In  a 
flat  position. 

c.  Testing  Is  accomplished  by  applying  a  continuous 
compressive  load  to  the  face  of  the  specimen  at  a 
rate  of  8,000  pounds  per  minute  until  failure. 
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